The objective of this study was to determine bone quantity by ultrasound measurements of the proximal finger phalanges (AD-SoS = amplitude-dependent speed of sound) of healthy Brazilian schoolchildren living in Paraná, Brazil, and to compare these values with European populations. The sample was composed of 1356 Brazilian schoolchildren of both genders (660 males, 696 females), aged 6 to 11 years, divided into white (840) and black (516) groups and compared to age-and gender-matched Europeans. AD-SoS of the schoolchildren increased significantly with age for both genders. Significantly higher AD-SoS values were observed for the white children (1916 ± 58) compared to their black counterparts (1898 ± 72) and for the female gender (1920 ± 61) compared to the male gender (1898 ± 66). Overall, the AD-SoS outcomes for females were similar to those of European studies. However, the AD-SoS of the Brazilian schoolchildren of both genders and skin colors was lower than that reported for children in Poland. AD-SoS outcomes for Brazilian schoolboys were similar to those obtained in Italian studies and were lower than those of the Spanish children. In conclusion, Brazilian schoolchildren of both genders and skin colors showed lower bone quantities than Polish children and Spanish males, and levels similar to Italian children and Spanish females.
Introduction
Studies have shown that the acquisition of bone mass is gradual in childhood, increases during adolescence and peaks at the point of sexual maturity (1, 2) . Consequently, close observation of bone mass in adolescents is necessary in order to evaluate the risk of senior osteoporosis.
Several researchers have adopted the premise that the group of curves within a specific population can be satisfactorily applied to any other study population, independently of its genetic constitution (3, 4) . According to these investigators, well-nourished children and adolescents of different population groups seem to develop in a similar way, suggesting that genetic factors have less influence on development than environmental factors.
Comparison of bone mineral content among subjects of different skin colors has shown that blacks have higher values than whites and Asians, when compared either in terms of age or body weight (5) (6) (7) (8) (9) (10) . However, the origin of this difference is unknown.
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In view of the differences in bone mineral content as a function of race or skin color and the high racial miscegenation of the Brazilian population, the aim of the present study was to evaluate differences in bone quantity between healthy white and black Brazilian schoolchildren of both genders aged 6 to 11 years, and to compare these values to European references according to age and gender.
Results
The Brazilian sample population consisted of 1356 schoolchildren of both genders aged 6 to 11 years with white and black skin colors. Table 2 shows the AD-SoS means and SD of the Brazilian subjects.
AD-SoS increased with age for schoolchildren of both genders and skin colors (white: male, P = 0.0001; female, P = 0.027 and black: male, P = 0.035; female, P = 0.0001). The percent values of the variations from 6 to 11 years were 1.7 and 3.9% for boys and 3.5 and 2.8% for girls of white and black skin colors, respectively. The white females showed higher AD-SoS values when compared to other groups within the sample population of Brazilian schoolchildren (black females, P = 0.04; white males, P = 0.03; black males, P = 0.04; Table 2 ).
Comparison of the mean AD-SoS values of females of both skin colors to the European data indicated values similar to those obtained in the studies of Italian children and adolescents by Baroncelli et al. (13) and in the studies of Spanish children and adolescents by Gimeno Ballester et al. (14) . In this study, only black 7-and 9-year-olds showed
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significantly lower AD-SoS values than whites (P = 0.001). In the other age groups, these values were not significantly different between black and white females. Overall, blacks had lower AD-SoS values compared with those described in Refs. 13 and 14. The Brazilian 11-year-old schoolchildren had lower AD-SoS values compared with the study by Gimeno Ballester et al. (14) (P = 0.0001; Figure 1 ). Compared to the two studies of Italian children and adolescents by Vignolo et al. (15, 16) , the mean AD-SoS values of the present study were higher for white 8-(P = 0.0001) and 10-year-old (P = 0.001) females and for 8-year-old blacks (P = 0.005) (15) . Lower values were observed only in black females from the 7-(P = 0.004) and 9-year-old (P = 0.005) groups compared to the 2003 study (15) , and for the 11-year-old group (P = 0.0001) compared to both studies (15, 16) . Compared to the study of Polish children and adolescents by Halaba (17) , the AD-SoS mean values of the present study were significantly lower across age groups, except for 7-(P = 0.032) and 10-year-old (P = 0.204) white females and for 8-year-old (P = 0.065) black females (similar values; Figure 1 ).
Many of the AD-SoS values obtained here for male schoolchildren of both skin colors were similar to those reported by Baroncelli et al. (13) and to the two studies by Vignolo et al. (15, 16) . However, in the present study, the AD-SoS values were lower for both the 8-year-old (Baroncelli: whites, P = 0.001 and blacks, P = 0.001, and Vignolo: blacks, P = 0.001) and 10-year-old (Baroncelli: blacks, P = 0.0001) groups ( Figure 2 ).
Compared to the study of Gimeno Ballester et al. (14) , lower values were obtained in the present study for both skin colors in most age groups [whites: 6 year olds (P = 0.001), 7 year olds (P = 0.0001), 8 year olds (P = 0.001), and 9 year olds (P = 0.005); blacks: 6 year olds (P = 0.005), 7 year olds (P = 0.0001), 8 year olds (P = 0.0001), 9 year olds (P = 0.0001), and 10 year olds (P = 0.0001)], and in all age groups when compared to the Halaba (17) study (P = 0.0001; Figure 2 ).
Discussion
Racial miscegenation is highly prominent in Brazil because Europeans of white skin color, Africans of black skin color, Asians of yellow skin color, and indigenous peoples of Brazil participated in the process of the formation of this country. The mixing has been intense since the beginning of colonization. The small number of white women among the Portuguese colonizers led the latter to have relationships with Indians and black slaves. This mixing gave rise to other groups such as mulattos (the mix of white and black), "caboclo" or "mameluco" (the mix of white and Asian), and the "cafuzo" (the mix of black and Asian) (18) . Pena et al. (19) showed recently that in Brazil one cannot predict the color of persons from their genomic ancestry.
As a result, miscegenation in Brazil is an aspect that must always be considered in any study using racial analysis (20, 21) . The analysis adopted by Instituto Brasileiro de Geografia e Estatistica (IBGE) has been considered as official since 1991 for racial classification in demographic studies. This classification uses self-declaration in the collection of data, i.e., the person chooses from a list of five racial categories (white, black, mulatto, yellow, and indigenous peoples) (11) . Telles (20) evaluated the proportion of people of African ancestry in a rural community in Brazil, where the group of individuals classified as black presented a proportion of African ancestry of 51%, while those who were self-declared as mulatto presented a proportion of 44% African ancestry. Furthermore, Telles" study scientifically supports the strategy of political mobilization used by the black movement of Brazil, which consists of grouping black and mulatto individuals into the black category (20) . The IBGE defines individuals who declare themselves as mulatto or black as "black" (11) .
Several studies have been conducted using dual energy X-ray absorptiometry (DXA) for the determination of bone mineral density. In general, these studies showed that black children and adolescents had 5 to 23% higher bone mineral density in relation to other skin colors (22, 23) and that the loss of bone tissue in adults of this racial group is 1/2 of that of their white counterparts (5, 23) .
In children, the results regarding these differences are controversial. Indeed, some researchers (23,24) observed more bone mass in blacks, and others have not (25) . However, no study observed higher values for whites. The results of the present study with a Brazilian sample population (12) diverged from other studies regarding differentiation between skin colors (blacks and whites), with higher values being observed in white schoolchildren.
Bone content is known to be correlated to many factors such as heredity, skin color, geographic region, life style, and nutrition (26, 27) . Our study did not evaluate food ingestion or some chemical markers, which are important variables for a comprehensive evaluation of bone metabolism (26) (27) (28) . When analyzing this group of Brazilian schoolchildren, Ribeiro et al. (12) showed that black schoolchildren predominated in the lower socioeconomic levels, but the socioeconomic difference did not interfere with body composition analyses when comparing black and white children. However, it is known that calcium intake, life style, physical activity, and other aspects linked to socioeconomic status might significantly influence bone mass. As a result, these factors may have influenced AD-SoS values in the group evaluated in our study.
Certainly, an additional differentiating factor may be related to the levels of vitamin D. In European countries such
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as Italy, Spain and Poland, which have North latitudes farther from the equator, the cutaneous production of vitamin D drops significantly (29) . Even though Brazil shows incidences of ultraviolet rays that are more adequate for bone health when compared with Spain, Italy or Poland, the outcome of AD-SoS measurement in the present study did not support this phenomenon conclusively. For both genders and skin colors we obtained AD-SoS values similar to those of the Italian studies, and lower values than those of the Polish and Spanish studies. In general, the mean AD-SoS values for males were lower than those of their European counterparts, whereas the values for females were similar to those of the Europeans.
Ultrasound does not measure the bone density in mass per unit of area as in DXA (g/cm²), nor in mass per unit of volume as does computed tomography (g/cm³). In reality, what is measured is the speed of ultrasound propagation through bone, such as the calcaneous, tibia or phalanges. A wide band ultrasonic pulse is transmitted through the bone sample and the signal attenuation is measured as a percentage of sound waves absorbed by the body. These ultrasonic standards vary according to the variation of density, structure, elasticity, and other biomechanical alterations of the bone (30) .
Given that multiple biomechanical bone parameters dictate the transfer of ultrasonic pulses through a bone sample, the increment in AD-SoS values observed during childhood and adolescence can be a reflection of greater density or changes in the structural architecture of bone tissue. For instance, Baroncelli et al. (13) observed increasing variations in AD-SoS from 3 to 21 years of age in both genders. The percent values of these variations were 14.8% for boys and 13.9% for girls. From the ages of 6 to 11 years, the variations in AD-SoS, according to the European references used for comparison purposes, were 1 to 3.4% for boys and 2.8 to 4.6% for girls (13) (14) (15) (16) (17) .
In the present study, we observed similar results for both genders and skin colors, with AD-SoS increasing with age, and with variations of 1.7 to 3.9% for boys and 3.5 to 2.8% for girls of white and black skin colors, respectively.
Studies comparing AD-SoS between genders showed similar values in the first years of life until the ages of 9 and 10; higher values were observed for girls during puberty from 10 to 14 years of age, with no differences being observed after 15 and 16 years of age (13, 14) .
Our study had some limitations such as a cross-sectional rather than a longitudinal design, lack of information about food habits and level of physical activity, and no determination of sexual maturity in the European studies. Nonetheless, our study is important for understanding the long process of bone maturation that occurs in childhood and adolescence. Our results can be used to build a database to be applied to the study of bone mass development in children.
In conclusion, Brazilian schoolchildren of both genders and skin colors showed lower bone quantities than Polish and Spanish males, and levels similar to Italian children and Spanish females. Data are reported as means ± SD. AD-SoS = amplitude-dependent speed of sound. 
